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SELF-PIERCING FASTENING SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority to Provisional Application U.S. 
Serial No. 60/524,360, filed November 21, 2003, which is incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 
[0002] The present invention generally relates to fastening systems 
and more particularly pertains to a self-piercing, threaded fastener, joint and 
machine. 

[0003] It has recently become known to employ hydraulic and electric 
motor actuated machines to insert self-piercing rivets into sheet metal panels. 
For example, an electric motor-based device is disclosed in U.S. Patent No. 
6,276,050 entitled "Riveting System and Process for Forming a Riveted Joint," 
which issued to Mauer et al. on August 21, 2001; this patent is incorporated by 
reference herein. 

[0004] A conventional clinch nut has also been employed for use with a 
single thickness, sheet metal, automotive panel. A slug is pierced from the panel 
by the nut and a ram of a setting machine thereafter removes the slug. Thus, an 
unobstructed hole is present from one side of the panel to the other through the 
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nut. This is disadvantageous in that dirt, vehicle exhaust and other debris can 
move from one side of the panel to the other through the hole. Another 
conventional system provides a clinch stud used with a pre-drilled hole in a single 
sheet metal panel. A pneumatic setting machine is employed for both the 
traditional clinch nut and clinch stud systems. This has considerably different 
controllability and operational characteristics than an electric motor actuator. 
Furthermore, other traditional clinch nuts and clinch studs employ a pre-pierced 
panel opening, prior to insertion of the nut or stud, which adds an expensive 
extra manufacturing step and complexity to the setting tool, as well as adds 
undesirable additional tolerance variations which may lead to the creation of 
vehicle noise and vibration at the joint. 



SUMMARY OF THE INVENTION 
[0005] In accordance with the present invention, the preferred 
embodiment of a fastening system includes a self-piercing fastener having a 
thread-like pattern. In another aspect of the present invention, a fastener 
insertion machine employs an electromagnetic actuator without fluid actuation. A 
further aspect of the present invention uses a rotary-to-linear transmission within 
the insertion machine to advance the fastener. Yet another aspect of the present 
invention provides a clinch fastener for joining multiple workpieces. Additionally, 
another aspect of the present invention provides a leakproof joint between the 
fastener and the workpiece. A leading end of a threaded fastener is 
encapsulated within a panel in a further aspect of the present invention. In still 
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another aspect of the present invention, a self-piercing fastener is a clinch nut or 
a clinch stud. A method of attaching a fastener to at least one workpiece is also 
provided. 

[0006] The fastening system of the present invention is advantageous 
over conventional devices in that a joint between a workpiece and a fastener is 
created which prevents the passage of dirt, debris and exhaust through the joint 
area. Another advantage of the present invention is the real-time controllability, 
changes, and accuracy of the insertion machine used to set the fastener, realized 
through use of the electromagnetic actuator, a real-time sensing system and 
control logic. This improves automatic fastening characteristic recognition, 
quality, flexibility and result tracking. Machine and processing costs and 
complexity are additionally reduced through the self-piercing nature of the 
fastener and process. Moreover, the fastening system of the present invention is 
advantageously suitable for use in creating a two-way joint; the clinching section 
of the fastener joins two or more sheet metal panels while the body of the 
fastener also secures a component such as an electrical connector, trim panel 
and/or a circuit board. Additional features and benefits will be further disclosed 
hereinafter with reference to the appended claims and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] Figure 1 is a perspective view showing an installation machine 
and joint employed in the preferred embodiment of the fastening system of the 
present invention; 
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[0008] Figure 2 is a longitudinal cross-sectional view, taken along line 
2-2 of Figure 1 , showing the preferred embodiment installation machine; 

[0009] Figure 3 is an exploded perspective view showing the preferred 
embodiment installation machine; 

[0010] Figure 4 is an exploded perspective view showing a sensor 
assembly employed in the preferred embodiment installation machine; 

[0011] Figure 5A is an end elevational view showing a nut fastener 
employed in a preferred embodiment of the fastening system of the present 
invention, as viewed prior to installation; 

[0012] Figure 5B is an end elevational view showing a nut fastener 
employed in a first alternate embodiment of the fastening system of the present 
invention, as viewed prior to installation; 

[0013] Figure 6 is a cross-sectional view, taken along line 6-6 of Figure 
5A, showing the preferred embodiment of the nut fastener, as viewed prior to 
installation; 

[0014] Figure 7 is a cross-sectional view, similar to that of Figure 6, 
showing the joint of the preferred embodiment fastening system, as viewed after 
installation; 

[0015] Figure 8 is a cross-sectional view, similar to that of Figure 7, 
showing a second alternate embodiment fastening system of the present 
invention; 
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[0016] Figure 9 is a cross-sectional view, similar to that of Figure 7, 
showing a third alternate embodiment fastening system of the present invention; 
and 

[0017] Figure 10 is a cross-sectional view, similar to that of Figure 7, 
showing a fourth alternate embodiment fastening system of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0018] Referring to Figures 1-3, the preferred embodiment of a 
fastening system 21 of the present invention includes a fastener 23, a pair of 
sheet metal workpieces 25 and an installation machine 27. Machine 27 has a set 
of outer housings 29, a receiver assembly or nose piece 31, a C-frame 33 and a 
stationary die 35 mounted to the C-frame. An arm of an articulating robot 37 is 
preferably mounted to C-frame 33 but may be alternately mounted to housing 29. 
A computer controller 39 is connected to machine 27 and includes a 
programmable microprocessor, memory, an input device such as a keyboard or 
touch-screen, and an output device such as a display screen, CRT, display lights 
or the like. 

[0019] An electric motor 51 has an internal armature which rotates 
when electromagnetically energized. The armature operably causes rotation of 
an output shaft, which in turn, rotates a set of two or three reduction, spur gears 
55, 57 and 59. Spur gear 59 thereby rotates a nut housing 61 which is coupled 
to a rotatable ball or nut 65. Rotation of nut 65 causes an enmeshed spindle 67 
to linearly advance and retract along a longitudinal axis. A punch holder 69 and 
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an attached punch 81 linearly move with spindle 67. Parts 55, 57, 59, 61, 65, 67 
and 69 act as a rotary-to-linear motion transmission thereby linearly advancing 
and retracting setting punch 81 , a workpiece clamp 82 and an attached clamp 
ring 83. 

[0020] Controller 39 automatically recalls prestored characteristic data 
about the joint to be made at each predetermined location on workpiece 25, 
which may differ from the preceding or successor joints; for example, as to depth 
of fastener insertion, fastener type (e.g., length, material, shape, etc.), insertion 
speed, clamp force, workpiece thickness (e.g., use of a single sheet, use of two 
sheets, use of three sheets, nonuniform thickness of any combination thereof, 
etc.), or the like. Accordingly, the pre-stored, fastener characteristics defining the 
installation profile operation to be performed by the machine and the desired 
fastener to be selected are automatically retrieved from memory by the 
microprocessor. A series of fasteners 23 are sequentially fed to a receiver area 
in nose piece 31 by pneumatic pressure through a feed hose 85 from a feeder 
assembly. One fastener 23 is aligned with punch 81 and one or more signals 
indicating presence of fastener 23 in its correct position and actual fastener 
length are sent by a sensor 301 to controller 39 in real-time for comparison to the 
pre-stored data. Sensor 301 is a linear encoder mounted within a sensor 
housing 303. Thereafter, electric motor 51 is automatically energized by 
controller 39 to allow a spring 305 to outwardly bias a clamp ring 83 against a 
punch-side surface of workpiece 25, and to also advance punch 81 which drives 
fastener 23. One or more signals indicating thickness of workpieces 25 are also 
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sent by sensor 301 to controller 39 for a real-time comparison to the pre-stored 
data. A position sensor 307 is further provided within sensor housing 303 for 
sensing when punch 81 is in its fully retracted position. Furthermore, a load cell 
sensor 309 is mounted adjacent a proximal end of nut housing 61 to provide real- 
time information to controller 39 indicative of actual fastener setting force 
required for a comparison with the pre-stored data; this data indirectly verifies or 
allows variable control of depth of fastener insertion and the like. Sensors 301 , 
307 and 309 are connected to controller 39. 

[0021] The actual transmission force, motor current, motor amperage 
draw or the like is automatically sensed by the sensors during fastener 
installation wherein controller 39 automatically determines if a satisfactory joint 
was created and sends the appropriate output signal indicating success, shuts 
down the process if unsatisfactory, changes punch speed or travel in real time if 
desired, and adds the record to historical quality control tracking data. 
Thereafter, the punch is retracted and machine is robotically moved to the next 
joint area or the workpiece is moved. 

[0022] Referring now to Figures 1, 2, 5A, 6 and 7, a tapered, circular- 
cylindrical, distal end 91 of fastener 23, preferably a clinch nut, self-pierces and 
cuts its own hole completely through the punch-side workpiece 25a and only 
partially through the die-side workpiece 25b. Distal end 91 is caused to diverge 
outwardly by die 35 during installation, but fastener 23 is prevented from 
completely piercing through the die-side workpiece or from directly contacting the 
die, thereby creating a leakproof joint with distal end 91 encapsulated in die-side 
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workpiece 25b. Fastener 23 preferably serves to secure together two (or more) 
workpiece panels 25a and 25b. The preferred nut embodiment of fastener 23 
further includes an enlarged body 93 having internal, spiral threads 95 lining a 
bore, and a circular-cylindrical external surface 97. An outside, lateral surface 99 
of distal end 91 is also circular-cylindrical, prior to installation, and of a smaller 
outer diameter than surface 97 of body 93. In the first alternate embodiment 
illustrated in Figure 5B, outside, lateral surface 99 of distal end 91 is of a 
hexagonal, octagonal or other polygonal shape, or has longitudinally extending 
grooves or ribs, so as to deter undesired rotation of the installed fastener 23 
relative to workpiece 25 when a bolt is later attached. 

[0023] Figures 8 and 9 show the subsequent assembly step. In Figure 
8, a second alternate embodiment joint employs a fastener 23, as previously 
disclosed, attached to a single sheet metal, automotive vehicle, body panel or 
workpiece 25. An electrical connector component, here a stamped metal eyelet 
101 crimped onto an automotive grounding wire, is removably coupled to 
fastener 23 via an externally threaded shaft 105 of a bolt 107. Figure 9 illustrates 
a third alternate embodiment fastening system using an electronic circuit board 
component 109 secured to fastener 23 by an externally threaded bolt 107; 
fastener 23 is secured to a computer housing panel, bracket, workpiece 25 or 
other structure. Workpiece 25 can alternately represent an automotive vehicle 
body panel and component 109 can represent a polymeric or fibrous interior trim 
panel. Workpiece 25 is preferably a stamped aluminum or steel sheet but may 
alternately be a cast metal alloy or other materials suitable for a clinched 
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fastener. Fastener 23 (and 223) is preferably carbon steel, heat treated to 30 
and 55 Rc, but may alternately be aluminum or an aluminum alloy depending on 
the application requirements. 

[0024] As can be observed in Figure 10, a fourth alternate embodiment 
fastening system employs a stud fastener 223 which is clinched to a single (or 
alternately two or more) workpiece 225 in a self-piercing manner and with 
machinery as previously described with the preferred embodiment. This 
exemplary fastener 223 is a clinch stud having a longitudinally elongated shaft 
293 with an external thread pattern 295 for later engagement by a component 
and nut. A distal clinching end 297 is encapsulated within and outwardly 
diverges into workpiece 225, without having to account for a loose slug being cut 
from the die-side workpiece. 

[0025] While multiple embodiments of the present invention have been 
disclosed, it should be appreciated that various changes may be made which still 
fall within the scope of the present invention. For example, alternate 
engagement patterns may be employed on the fastener other than threads. It is 
also envisioned that the quantity and positioning of gears and shafts of the 
transmission can differ depending on the force reduction or increase, speed, 
travel, and packaging requirements desired for a specific use. Furthermore, the 
machine of the present invention may be stationarily mounted to a factory floor 
rather than movably attached to a robot. A fluid powered fastener setting 
machine can alternately be employed to create the disclosed joints, however, 
many operational and quality benefits will not be achieved without use of the 
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preferred electric motor-actuated, rotary-to-linear driven machine disclosed. 
While various materials have been disclosed, it should be appreciated that a 
variety of other materials can be employed. It is intended by the following claims 
to cover these and any other departures from the disclosed embodiments which 
fall within the true spirit of this invention. 
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